Introduction
============

Depression, primarily characterized by a persistent depressed mood, seriously threatens human health, with a suicide rate of 15--20% and a cure rate of only \~30%. To improve the cure rate of depression, current research has focused on investigation of the brain mechanisms of depression patients and targets for treatment ([@b1-br-0-0-796]). Many previous studies using positron emission tomography (PET) and single-photon emission computed tomography (SPECT) techniques have reported that regional cerebral blood flow (rCBF) aberrations may be one of the pathological characteristics of depression. Drevets ([@b2-br-0-0-796]) suggested that the brain rCBF in patients with depression showed a general tendency to decrease and that the brain regions with abnormal rCBF in depression patients predominantly included the frontal lobe, temporal lobe, the cingulate cortex, amygdala, caudate nucleus, and paralimbic system.

The application of SPECT and PET to clinical studies relatively accurately identifies the location of the affected brain areas ([@b2-br-0-0-796]). However, these techniques have certain risks, such as allergic response to the injected radioactive tracer. Such risk factors limit the use of SPECT and PET imaging in depression patients in the research and clinical settings. Arterial spin labeling (ASL) involves labeling of the hydrogen atoms in the blood, which are then used as an endogenous contrast agent; thus, no tracer injection is required, and the cerebral perfusion of the subject is monitored in a non-invasive state with high spatial resolution, good accuracy and repeatability. Based on these advantages, ASL technology has become the mainstream method in recent years for investigating the characteristics of rCBF in depression patients ([@b3-br-0-0-796],[@b4-br-0-0-796]).

The recently developed pseudo-continuous ASL (pCASL) technique more effectively balances the signal-to-noise ratio (SNR) than SPECT or PET techniques and has an improved labeling efficiency that is characteristic of the developing trend of the ASL technique ([@b5-br-0-0-796]). Certain studies have used pCASL to investigate the rCBF of treated patients with severe depression and found that cerebral blood perfusion alterations are predominantly located in the anterior cingulate cortex, right medial prefrontal cortex, temporal cortex, hippocampus, thalamus and cerebellum ([@b6-br-0-0-796],[@b7-br-0-0-796]). However, the results of the two above-mentioned studies may have been influenced by antidepressants ([@b8-br-0-0-796]). Selecting untreated patients with first-episode depression and using pCASL technology to detect the changes in the rCBF in depression patients would avoid the impact of confounding factors, such as antidepressants on rCBF. Thus, the specific aberrant rCBF pattern in patients with depression may be accurately characterized, which would provide an objective basis for the early qualitative diagnosis of depression. However, to the best of our knowledge, no study on the rCBF of drug-naive patients with first-episode depression using pCASL technology has previously been reported.

Therefore, the pCASL technique using a 3T MR system was performed in the current study to investigate blood perfusion at the whole brain level in drug-naïve patients with first-episode major depression, with the aim of improving the understanding of the characteristics of rCBF in patients with depression.

Subjects and methods
====================

### Study subjects

The inclusion criteria were patients who met the DSM-IV diagnostic criteria for major depressive disorder at the first onset and were diagnosed by two senior psychiatrists in a structured clinical interview based on the DSM-IV (SCI-D) ([@b9-br-0-0-796]). The Hamilton Rating Scale for Depression (17-item version) ([@b10-br-0-0-796]) was used to assess disease severity in patients who were not taking any antidepressants or mood stabilizers. A total of 10 patients were enrolled from January to December 2015 in the current study. There were seven males and three females, with an age range of 18--60 years, a mean age of 38.70±9.41 years, and a disease duration of 2--12 months. A total of 15 healthy volunteers (control group) were recruited from the hospital staff of Tianjin Anning Hospital (Tianjin, China), and included six males and nine females with an age range of 20--59 years and a mean age of 38.42±9.12 years. Two senior psychiatrists ruled out a diagnosis of a potential mental disorder, and the volunteers were only enrolled if they did not have a positive family history of mental disorder. There were no significant differences between the two groups with regard to age or the level of education.

The common exclusion criteria were patients with a history of unconsciousness for ≥5 min, a neurological disease diagnosis, severe mental illness, drug abuse, serious physical illness, or endocrine disease. Furthermore, patients who were pregnant, lactating, had participated in any other research study, had received treatment within one month, or that had any magnetic resonance imagine (MRI) contraindications were excluded.

The Ethics Committee of Tianjin 4th Central Hospital (Tianjin, China) approved the current study. Prior to experimentation, all subjects were fully informed of the experimental purposes, methods and risks of possible discomfort, and all patients provided written informed consent.

### Image capture

A Philips Achieva 3.0 T TX whole body MRI system (Philips Medical Systems Nederland B.V., The Netherlands) was used to perform the scans. An 8-channel parallel coil was used to collect the signals. Subjects were placed in a supine position and wore non-magnetic earplugs to reduce the impact of noise during the experiment, and a supplied foam pad was fixed around the subject\'s head to reduce head movement. The scanning scope covered the whole brain, and a connecting line between the front and back of the brain served as a baseline during the scanning.

The MRI protocol order for the subjects was as follows: T1 weighted images (WI), T2WI and pCASL images. Conventional T1WI and T2WI were captured to exclude organic diseases, such as craniocerebral disorders and brain malformations. The pCASL scan included a single-shot echo-planar sequence (EPI), and the parameters were as follows: Echo time/repetition time = 4,000 msec/14 msec; matrix = 80×80; layer thickness = 7 mm; number of layers = 17; interlayer spacing = 1 mm; voxel size = 3×3×7 mm; label spacing = 20 mm; duration of labeling = 1,650 msec; label delay = 1,525 msec; and field of view = 240×240 mm.

### Functional MRI (fMRI) data preprocessing

For the current study, common data processing software for brain functions were used, including Statistics Parameter Mapping (SPM8; Wellcome Department of Imaging Neuroscience, London, UK) and the Relative Expression Software Tool to conduct the data preprocessing. The specific process consisted of the following: i) Data format conversion. The ASL images from the scans were processed with the built-in software for digital subtraction to obtain the perfusion map, and the format was then converted to a dual file format for SPM processing. This step was performed using MRICroN software 1.40 (<http://www.cabiatl.com/mricro/mricro/mricro.html>). ii) Spatial normalization. The individual perfusion image was input into a standard PET template provided by SPM8. iii) Removal of non-brain tissues. The normalized image was computed with a standard mask to remove the non-brain tissue. This process was achieved using the ImCalc function of SPM8. iv) Gaussian smoothing. A Gaussian kernel of 4×4×4 mm^3^ full width at half maximum (FWHM) was used to perform the spatial smoothing of the images, reduce the remaining inter-individual differences after the normalization, and improve the SNR. v) The mean of the whole brain perfusion was extracted to obtain the normalized image for individuals. The inter-individual differences in brain perfusion were removed using the individual whole brain perfusion information/average individual whole brain perfusion information. This was achieved using the REST and the ImCalc functions of SPM8.

### Statistical analysis

SPM8 was used to conduct the statistical analysis of the data of brain perfusion in the two groups and to present the results. An independent one-sample t-test was conducted for the healthy control and patient groups, with age and gender as the statistical covariates to produce the difference map of cerebral blood perfusion between the two groups. The results were superimposed onto a single T1 template using the xjView plug-in. The brain regions demonstrating statistical significance \[P\<0.05, with false discovery rate (FDR) correction and cluster size \>30 voxels\] were noted. Montreal Neurological Institute coordinate positioning (x, y, z; <http://www.mcgill.ca/neuro/>) and Brodmann area (<http://www.talairach.org>) identification were performed, and the intensity of the rCBF was recorded (presented by the statistical value 't' in the t-test). The rCBF images of the healthy controls were first displayed layer by layer, followed by the cerebral perfusion images of the two groups displayed in layers.

SPSS 19.0 statistical analysis software (SPSS, Inc., Chicago, IL, USA) was used for the input, sorting and statistical analysis of the basic data for the two groups. The statistical analysis was performed using two independent sample t-tests, and P\<0.05 was considered to indicate a statistically significant difference. The data are presented as the mean ± standard deviation.

Results
=======

### Social and demographic data of the participants

Ten patient participants were enrolled in the current study, including seven males and three females, with an age range of 18--60 years and a disease duration of 2--12 months. Simultaneously, 15 healthy volunteers were enrolled in the study, including six males and nine females, with an age range of 20--59 years. The detailed clinical information is presented in [Table I](#tI-br-0-0-796){ref-type="table"}.

### Comparison of the brain regions with altered cerebral perfusion between patients with depression and the healthy control group

In the current study, increased and decreased CBF brain regions were observed in the untreated depression patients when compared with the healthy controls. The significantly decreased cerebral perfusion brain regions were located in the left temporal lobe, left frontal lobe, left cingulate cortex and right parietal lobe (P\<0.05 and cluster size ≥30, with FDR correction; [Table II](#tII-br-0-0-796){ref-type="table"} and [Fig. 1](#f1-br-0-0-796){ref-type="fig"}). Additionally, the significantly increased cerebral perfusion regions were located in the right cerebellum, right thalamus, right frontal lobe and right anterior cingulate cortex (P\<0.05 and cluster size ≥30, with FDR correction; [Table III](#tIII-br-0-0-796){ref-type="table"} and [Fig. 2](#f2-br-0-0-796){ref-type="fig"}). Overall, the decreased cerebral perfusion regions were primarily located in the left hemisphere, with the exception of the right parietal lobe, and the increased cerebral perfusion regions were predominantly located in the right hemisphere.

### Comparison of the brain regions with altered gray matter volume between patients with depression and the healthy control group

In the current study, the gray matter volume alterations in the patients with first-episode untreated depression were investigated. Although the gray matter volume was found to be decreased in the bilateral frontal lobe, bilateral occipital lobe, left thalamus and left cerebellum, the significance of these findings disappeared following FDR correction.

Discussion
==========

The best of our knowledge, the current investigation is the first to use advanced pCASL technology to characterize specific alterations in the rCBF in first-episode drug-naïve depression patients. Compared with previous studies, the findings strictly controlled the influence of therapeutic agents and more objectively characterized the specific alterations of rCBF in the patients with depression. The most notable finding of our current study is that the alterations of rCBF in drug-naïve patients with first-episode depression tended to display an asymmetric pattern. Almost all of the decreased cerebral blood perfusion brain regions were located in the left hemisphere, specifically the left prefrontal cortex, left temporal lobe, and left cingulate cortex, with the exception of the right parietal lobe. By contrast, all the increased cerebral perfusion brain regions were located in the right hemisphere, specifically the right cerebellum, right thalamus, right frontal lobe and right anterior cingulate cortex. According to previous studies, the prefrontal cortex, temporal lobe, cingulate cortex, parietal lobe, thalamus and cerebellum had been confirmed to be key in emotional perception, memory, integration, regulation and expression processing ([@b6-br-0-0-796],[@b7-br-0-0-796],[@b11-br-0-0-796]--[@b13-br-0-0-796]). The rCBF alterations in these brain regions cause emotional disturbances and are proposed to be the neural substrate of depression.

In the current study, the asymmetric pattern of the rCBF alterations in drug-naïve first-episode depression patients were supported by other studies using different techniques. For example, a study using 320-Slice Computed Tomography found that the rCBF of the left hemisphere is lower than that in the right hemisphere in depression patients ([@b14-br-0-0-796]), although the present study did not find that rCBF increased in the right hemisphere in depression patients compared with the healthy control subjects. Additionally, numerous electrophysiology studies confirmed that brain electrical activity also exhibits an asymmetric pattern. For example, a decreased pattern was observed in left cerebral electrical activity, and decreased left hemisphere activity may influence the ability of the subject to modulate emotion, which is associated with depressive episodes ([@b15-br-0-0-796]--[@b18-br-0-0-796]). Furthermore, certain studies found that hypo-neural activity is predominantly exhibited in the left brain hemisphere and that hyper-neural activity is predominantly exhibited in the right brain hemisphere in depression patients. For example, a study using an event related potential technique found that depression patients exhibited lower activation in the central and left brain regions ([@b19-br-0-0-796]). Another study found that electrophysiologic power asymmetry was present in the depression patients, and that the right brain hemisphere of depression patients showed higher θ power when compared with the healthy control subjects ([@b20-br-0-0-796]). Furthermore, a meta-analysis of depression fMRI studies indicated that hypo-activity or hypo-connectivity of brain regions was primarily localized to the left hemisphere ([@b21-br-0-0-796]). Notably, a previous study found that neural electrical activity alterations were associated with rCBF alterations ([@b22-br-0-0-796]). Together, these previous studies and the current findings suggest that a functional asymmetric alteration pattern is present in depression patients. Although this hypothesis has no substantial basis and may seem unlikely, it provides a point of reference for additional studies of brain function in depression patients.

Cerebral blood perfusion was found to be significantly decreased in the left brain hemisphere, which is consistent with the findings of previous studies ([@b23-br-0-0-796],[@b24-br-0-0-796]). However, in the present study, cerebral blood hyper-perfusion tended to be located in the right brain hemisphere, which is inconsistent with certain previous studies ([@b7-br-0-0-796],[@b25-br-0-0-796]). Our current findings and the findings of previous studies indicate a sophisticated phenomenon; however, this is not surprising, as the results of the different studies may have been influenced by various confounding factors, such as differences in clinical characteristics of the participants, effects of antidepressants on the participants, and the technical characteristics of image acquisition and analysis. Given all of these potential confounding factors, to the best of our knowledge, there are currently no consistent findings. Accurately addressing the question of functional brain asymmetry changes in patients with depression requires a large sample and long-term follow up studies of drug-naïve first-episode depression patients. These patients must be enrolled using uniform diagnosis criteria for uniform neuroimaging acquisition and analysis to compare rCBF measures between patients and healthy controls. In addition to large-sample long-term follow up studies, rCBF measures should be compared before and after treatment to investigate the association between the alterations of rCBF and the effects of antidepressants. Thus, improving our understanding of the mechanisms of depression and establishing an objective predictor of antidepressant effects may facilitate the development of tailored treatments and personalized medicine ([@b26-br-0-0-796]).

In conclusion, the rCBF perfusion alterations in drug-naïve first-episode depression patients displayed an asymmetric pattern, where decreased cerebral blood perfusion was predominantly localized to the left hemisphere and increased rCBF was predominantly localized to the right hemisphere. The altered rCBF brain regions overlapped with brain centers associated with emotional processing. Thus, the pCASL technique revealed specific alteration patterns that are characteristic of rCBF perfusion in drug-naïve patients with first-episode depression and may be used as an auxiliary objective indicator for clinical diagnosis.
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###### 

Social and demographic data for all participants.

  Variable                  Patient group (n=10)   Control group (n=15)   t-value   P-value
  ------------------------- ---------------------- ---------------------- --------- ---------
  Age (years)               38.7±9.4               38.4±9.1                 0.350   0.557
  Education level (years)   12.7±2.1               12.6±2.2                 0.041   0.840
  HAMD-17 score             35.3±6.9                 4.6±2.3              17.427    0.000

###### 

Comparison of brain regions with decreased cerebral perfusion between patients with depression and the healthy control subjects.

  Brain region                                   Cluster size   MNI coordinates (x, y, z)   t-value   Brodmann area location
  ---------------------------------------------- -------------- --------------------------- --------- ------------------------
  Left temporal lobe                               50           −24, 16, −46                −6.7440   38
  Right parietal lobe                              31           66, −4, 26                  −6.8639     6
  Left frontal lobe and cingulate cortex           32           −20, −40, 32                −7.6494   --
  Left paracentral lobule and precentral gyrus   119            −14, −24, 74                −8.2019   6, 4

MNI, Montreal Neurological Institute.

###### 

Comparison of the brain regions with increased cerebral perfusion between patients with depression and the healthy control subjects.

  Brain region                                    Cluster size   MNI coordinates (x, y, z)   t-value   Brodmann area location
  ----------------------------------------------- -------------- --------------------------- --------- ------------------------
  Right cerebellum (posterior lobe)               50             62, −68, −48                4.6746    --
  Right cerebellum (tonsil)                       36             2, −54, −46                 5.8710    --
  Right thalamus                                  57             4, −10, 2                   7.9571    --
  Right frontal lobe, anterior cingulate cortex   38             20, 46, 6                   6.8155    32
  Right anterior cingulate cortex                 30             18, 36, 24                  7.0385    32

MNI, Montreal Neurological Institute.
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